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ABSTRACT 

PROBLEM TO BE SOLVED: To reduce a pipeline stall due to a data hazard of a 
superscalar system and to improve the processing speed by changing an 
instruction in 1st instruction format stored in an instruction memory into 
an instruction in 2nd instruction format. 



SOLUTION: The instruction is taken in a 1st stage from the instruction 
memory and the instruction taken in the 1st stage 101 is decoded in a 2nd 
stage 103. The decoded instruction is executed in a 3rd stage and when the 
execution result is written in a register in a 4th stage 107, the 
instruction in the 1st instruction format stored in the instruction memory 
is changed into the instruction in the 2nd instruction format and executed. 
Consequently, the pipeline stall due to the data hazard of the superscalar 
system can be reduced and the processing speed is improved. 
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[0 04 9] ^C, ■feU^^SEL2{Ctt. ffi^-jS 
84 0£#LTx — *7n— 8lltiB»DFDCJ=J:0£ 
/£Lfc$r/cftift<£;>)5A7J$ix3 0 ff#«8 4 Oizj; 5 -fe 

-^aillIISDFDC*5 7 yf 7 5 lOOP-lt^yf 
7 5 2CD0 P- 2fcSo^T^L7ttWT-fci3, 7;/ 
*8 5 2O0P-2jC»iW$*t5 o 4j*Sil5«ffc<cA 
^O-Mt LTtt, 0 P- 1 # 1 f h->7 h^^asll 
TO P-2iS*D3l^add©ttlc4j*Sn5 1 h 
•>7 hiDg^^-aslladd7)Sfc5 0 

[0050]-fcU**SEL3li, Sl-lSfcttD- 
2 0-^rofi$riMS?L < S 1 N — 2 ldt&$ft"t"'5 tzlsb<D t> 

[0 0 5 l]tV^^SEL4li 1 Sl-lSfcttSl 
- 2<D-Jj<DmzmtRL, S 2 N-2ICttWi-5fc*!)0 
t><ATfc3 8 

[0 0 5 2] Ell 1 Idllffe^-r K*x-^CD2 0(0 
ft££8tJJ:*f — v?© 2oro^^ic^^-r5SP.U(^f+ 

t'*j?>^T-fe5o ^2A#l3ift < p-7£5££[I]5<7)2^V h 
• 2^7> KTF^tj C> 04 ©4A>f h • 3^7 

n5o eii i oALUttjFffstg ttng, -^as 

iflg (ttSSt SSigfn^) &fc*W2A;fiagifo£-2r3m 
-Ti^^Tfe-So Mi&Lfc«fc5fc, zextALU 
"-©in ATjfcO&SgL, *LTALUj»3fi-5A^-C* 
5 0 asllALUIJ^gli^©^ l A7j£ 1 tr y b&~>7 \- 

[0053] ei I© (i) « 2 maw** 



[0054] 7yf 8 5 1,8 5 2<D%x7 4—)\,Y\z.fe 

r-j fi, r-j coffin© fif£ r^j o£{Wi=ttiW-fo 

[0 0 5 5] 

IF (D-l) = (D-2) , 
THEN OPN-l«-nop» 

OPN-2*-OP-2, 
DN-2—D- 2. 
S 1 N- 2 «-S 1-1, 
S2N-2-S 1-2 
£&&)^miT<D£?lZteZ, 0 7?f751COP-l 
lat Tmovj tf\ D-1JCI2 TRNJ S 1-1(^15 
TRraJ Amid^tlX^it'ti. £7c, 7yf 752 
WOP- 2 left TALUJ D-2IC(3 TRNj i>\ S 

i-2^u trij as»tt$jx-c^3t-f-5. ::td 

-ltD-2^it|- r RNj T-U^^^S^— gc-f-o 
i t Srx — 1*HlElgSDFDC«s«a+5. to 
if- 5 7u— tfcffiBJgDFDCtt, SELliSnop^^ 
8 2 0 fcigiR-fS <fc 2 1 £fl-L-ir S E LI 

SrSfflU nop^8 2 05-7^f8 5 100PN-i;: 
tttttS. f— *7n— fcffliggSDFDCH:, 7yf? 
51WD-1, S 1 - lar^-<0**fl|-§-jS7 5 3, 8 
1 3 £r;ft L'7yf 8 5 1 <ODN— 1 , SlN-liC*§ 

[0 0 5 6] Sfcx — *7n— J$fcBlH]?gDFDC!2. ir 
l/^?SEL2#7yf 7 5 2 ©O P - 2 SriS^-fo J: 
5l-Mffl(S*8 2 2 S^LT-fet^^S EL 2£MfiP 
L, 7j/f 7 5 2©OP-25r7yf 8 5 2©OPN- 
2l:Mto, ^iblCx-^^n-^tblUJgDFDC 
IS, tU^?SEL3z)S7^f 751CS1 - 1 erigiP, 
■f 3 J: 5:c^JWI^-8 2 3 8r4M,-fci'**SEL3S:«!i , J 
®U 7?f 7 5 10Sl-l*7yf8 5 20SlN 

-2JC»iWf-3. *fcf-*7nHfcttJH|BDFDCii 
5yf 7 5 2 ©D-2 7 5 4 Sr^LT^W*^ 

7 yf8 5 2 0DN-2ICtS^f3 0 £ iblC-f-^n 
-^ttJSKDFDCIi, ■feU25'^SEL4^7 J/ ^75 

2CS1-1 SrilS?-t-3 J; 5 fw 8 3 4 $r^> LTir u- ^ 9 

SEL4^^J{|IL, 7s/f 7 5 20Sl-l5rS2N- 
2l^^-f-3 0 

[0057] 121 1(0 (2) tt^^^-movCOD^^-^ 
KC0 V ^ #•§■ t ALUO S 1 7 ^ — y-U KO U 

7 4 -S/|Cli*l*^tt-t©**T, l2^53*-<7 

[0 0 5 8] 7^f 8 5 1, 8 5 2©#7-f- ^ Kl-f§ 



IF (D-l) = (S 1-2) , 

THEN OPN-1— OP-1, 
DN-l-D-1, 
S1N-1^S1-1, 
OPN-2«-OP-2, 
DN-2<-D-2, 
S 1N-2-S 1-1, 
S2N-2«-D-2 
MrfctolZ.mXF<D£. 5t*5 3 7yf751WOP-l 
iZtt. fmovj d\ D-llC|i TRNj Sl-l(CiJ 
TRmJ &&mZtlX^Zk-tZ B 7yf752 
OOP-2{Ctt TALUj as, D-2fctt r RxJ ^ S 

i-2ic« trnj aMMrt 3 nxv^s £■*-<&. ::t-d 

-liS 1-2 fr&iz TRNj TU^* §rf 
S-i§rr-^7n-^ttJ[sI?§DFDC^f±ii-^ D 

l^yf 7 5KOOP-1 (~ O^mov^^)5ril^ 
■f5J:5lw8 2 lSrfrl/fcu^SEL i£#J»U mo 

v^7?f 8 5 1 ©OPN- llCt&i8frt-3 0 
[0 0 5 9] ^-^n-f&fcBlElSgDFDCfi, 7j/f 

7 5 1BD-1, S 1 - 1 £, *<7) 7 5 3, 

8 13 Sr^*LT5 yf 8 5 1 ODN— 1 , SlN-ldfe 
9i-tZ> a StcT— fyu— 1^tiJ[5]SgDFDCf2 x -feU^ 
^SEL2^7^f 7 5 2<OOP-2 SrSHR-f-S <£ 5 \Z 
»JWfll*8 2 2 £t>LT1?U^S EL 2 &ffl»U 5 
j-f 7 5 2©OP-2^7S'f 8 5 2<7}OPN-2l£te 

<ti3 x-^^D-^ttJEJgDFDCtt, 7j, 
f 7 5 20D-2Sr*OSS«*||7 5 4 1 804^ 
Lty^f 8 5 2roDN-2l:feftf5„ 
^n-^ttSHSSDFDCtt, tl/^SEL3ii7yf 
7 5 1 © S 1 - 1 <fc 5 8 2 3^ 

Utl/^*SEL3S:a»U fflMMl8 0 4£:frL--C 
7^f 8 5 20SlN-2IC7^f 7 5 10S1-U 
tttt-*-*. ^f*— ^7B— fluaisiKDFDCH:, 7y 
*7 5 20Sl-2frflMH*7 5 4. 8 0 4*^l.T, 
^*7j/f 8 5 2CS 2N-2ICfei^-f 5 D 
[0 0 6 0] 7 5/f8 5 1, 8 5 2 (C^ftfttCtS 

(2) W»TB:«»i-5. Hiio{i),(2) tmmte*? 

^X'7?f8 5 1,8 5 2fcJMfr*-$«£flSoTVM* 
[00 6 1] 011© (3) 111 ^7 ^ KJB*0> 1 f 

/U KOI' v.* 1 tr y h&->7 h^^-asliro D 
[0 0 6 2 ] -t*£t>*>, &7 4-^h'ltTm<D£o\zm 



[0 0 6 3] 

IF (D-l) = (Sl-2) . 
THEN OPN-l*-nop, 

OPN-2^0P-2, 
DN-2-D-2orD-l. 
S 1N-2<^S 1-1. 
S2N-2«-NA 
Hi 1© (4) tt* 1 A*is«?«^Bovc. fS2&& 
Xli*fl=jS*Bl lO (1) , (2) , (3) KflEiSL-fc 

*2<fii^asjjiaA*nopKaj»sn-r 

[0 0 6 4] t4lJt, *7-f-./l^K»4TIBO±5l-* 
[0 0 6 5] 

OPN- 1— OP- 1, 
DN- 1— D-l, 
S1N-1-S1-1, 
O P N - 2 —nop 

011(0 (5) fiOffiSS^zexttgl^^-ALUtSrO 
tt3fi»J!totoextAUJfctt£r<5fc«>Tifc5. OffiSStft 
❖zextODTV — KOU-v^^^S-^-t^^^-ALUO 

IC, 12^3^7^ K0>Oi£!S8t3M)»£'zextALU 

[0 0 6 6] t4fc*i. #7^— /l/KttTEO«t5IC^ 

[0 0 6 7] 

IF (D-l) = (D-2) , 
THEN OPN-l«-nop, 

OPN- 2*-zexALU, 
DN-2-D- 2or D-L 
S 1 N- 2«-S 1-1, 
S 2N- 2*-S 1-2 
01 1(0 (6) \t 0 J£!g^<&zext(7) D7-<- Jl>y<DU 
^^S-i-fcjD^^addfOSl — KCI^y^^f 

tt^l^^-fi^COS^T, JR2A^3 4-'<7>KO0 

[0 0 6 8] t^*), *7-f-yuKttTE©J:5lca! 
[0 0 6 9] 



IF (D-l) = (Sl-2) . 

THEN 0PN-1«-0P-1, 
DN- 1<-D- 1, 
S1N-1«-S 1-1. 
OPN- 2*-zextadd. 
DN-2*-D-2, 
S 1N-2-S 1-1, 
S 2N- 2«-D-2 
fcfc. M*A£add^*i;:^&&tt|9;R^and-?tt9?D 

[ 0 0 7 0 ] 0 1 1 <D ( 7 ) IJJR 1 ift^s 0 &$gift#ze 
xfC, M2^#^fi^f*^[21 1 1W (5) XI4 (6) Id 

[0 0 7 1] f^*,, *7-f-A-KUTEOJ:5Ka 

[0 0 7 2] 
OPN- 1-OP- 1. 
DN- 1 — D- 1. 
S 1 N— 1 <— S 1 — 1. 
OPN- 2 —nop 

011 CD (8) tilt;?\>&i/7hfii&asUbm#-tti& 
ALUt £ 1 f;/ h£->7 hfilJMfc^asllALUIClig^-t-a 
cO-C-fe^o 1 t'i/ b&'>7 h^^-asllCOD 7 j KCO 
U ^**##>®£ffo<£ALUK>D7-r— yU K©1/^^ 

1 tfi/ h£->7 h^^^-asllALUlC^j^^ix-Cig 

(0 0 7 3] i-t£t>h. *7-f-/UKttTEOi5»c2P 

[0 0 7 4] 

IF (D-l) = (D-2) . 
THEN OPN-l«-nop, 

OPN-2«-asllALU, 
DN-2— D-2. 
S lN-2«-S 1-1. 
S 2N- 2«-S 1-2 
Hi 1 <D (9) it I if y h&->7 ht&GaslKO D7 J 
— /U K^U^^Sf-tADjf^^addCDS 1 7-<-yU K© 

us?**#*ias-ai-$ a. ft* 

^-tftettJSl * 2 3 ^ 

7>KC01 Ify h£->7 h*D3f4»^aslladd|c!gjft$n 

[0 0 7 5] l-fcfrfc, #7-f-yuK»4TIEOJ:5lwat 
[0 0 7 6] 



IF (D-l) = (Sl-2) . 

THEN OPN-l-OP-1, 
DN-l-D-1, 
S 1N-1-S 1-1. 
OPN-2-aslladd. 
DN-2-D-2. 
S 1N-2-S 1-1, 
S2N-2-D-2 
Ell 1© (10) ttJSl^iSl Jfy h£->7 Hh£as 
UX\ %2ti$Xlt0>J ! tAmi 1<D (8) XHt O) I- 

[0 0 7 7] *7-f-yuKttTE©J:5lc2e 

[0 0 7 8] 
O P N- 1 — O P - 1 . 
DN- 1 — D- 1 . 
S1N-1-S1-1, 
O P N - 2 «-nop 

011(0 (11) (4 2 OW^^r«1ICf-'— * 7 n— 

[0 0 7 9] 7* = - KIMffffi8 0 lT«»$*lfc«fL^ 
2o(73^}^l4ff 1 3. 8 0 4|di*aj$n. -^il-r 
rt£52 7 j/^G*8 5 0F*9<737 5 1 . 8 5 2 (ct§#3 

£^5, t — 9 7 d — t£ifci[Elic§D F D C 

^ fffe^ t S^<^ t o^i^MSJri l iopc 

7 0 0) !w»*i»8 0 3Sr^-UTit»i-*. 

ifcro/W 7*7V >Tx =— 2 oo^^^rfi^-ro 

tfr«Srtft^7 3 :y^y-i?^ii»i-5o 

[0 0 8 0] Sfe{=7*3— KWWSB8 0 ltt^feffA^ro 
SI 7-<— yuK (S 1 - 1) , D7^-/PK (D- 

1) . $ <oM£fgltiiG<DS 1 7-r— ;UK5 0 3 (S 1 - 

2) . D7-f-;UK5 0 2 (D-2) 04o(0U^? 
#■§-£{§ •§-$! 8 0 5 , 806. 807, 8 0 8 £:fM.T 
^ 7 7 'f yl" 8 0 2IC&30 l'v ; ^^77'C/l'8 0 
2F*5C04O(7)l'v ; ^^Ort^l4, <f-§-£§8 0 9. 8 1 
0. 8 11. 8 1 2|r§g^tfl$tV. %2 7y?-&7 4 ft 
<DfyT853 (JRl-lAA) , 7yf8 5 4 (Ml 
-2A7J) . 7yf8 5 5 (3I2-1A73) . 7 7f8 
5 6 (3I2-2A7J) fcteitt3*t$. 

[0 0 8 1 ] mi 51^(4, U-^?77'f;l/8 0 2(07' 
v ytrnfr^gftZ,. Ui?X?77J ^8 0 2 (4, U v 
* * R G S T R t V V* ? ftJffllUJg R C C t «Tt&»* $ 
ito, !/v>'**RGSTRI4. 4*©!) — KsK— hi 2 

*07-( ^n-?nit*»8 o 9. 8 

10. 811. 812. 9 5 5. 9 5 6 icjga * 

il- O t lib', Uv>'^^77^^8 0 2 li40J)Uy'7 



u >'7. 9 lcBWU:#* 5itp ~ > # -c* -5 s 
[0082]E]11©(1), (5), (8) (DmG 
14, (Sl-1) t (Sl-2) ti«Sft5 2o«l/ 

•>'*:?© ft gaMt-§-*s 8 11,81 2i^gg^ai$n, 7 

^8 5 5 (*2 -lA^7) , 7yf 8 5 6 (ft2-2 
A#) fcttttSfta,, 

[0 0 8 3] ill© (2) , (6), (9) ©}§•£ 
14, (S 1 - 1) T*B^S*i5l"^^OrtSasflHN* 
8 0 9, 8 1 1 ICgg^ai$n, 7yf8 5 3 (gl-1 
Afl) i7j/f 8 5 5 (JS2-1AA) tlC&iprtSft 
3 : (D-2) T-Ji^$ttaUv»^^#^ff^8 1 
2lC§E*iiS£n , 7f7^8 5 6 (^2-2AW 

[0 0 8 4] Hi 1© (3) ©*§-&|4, (Sl-1) T 
«£Sft3us?**©rt8iW!*»8 1 licit* UJ$ 
iX, 7j/f8 5 5 (JS2-1AW {ctSiffl^^S. 

[0 0 8 5] @1 IO (4) , (7), (10) <Dm& 

is, (si-i) -vrsm $ 1- v 5 ^ * © ft 

8 0 9lC§E*ai$n, 7^f8 5 3 (Il-1A^)) K 

|0 0 8 6J@11© (11) ©4§-&(4, (Si- 
ll - (D-l) , (Sl-2), (D-2) X-i%m£ 
?l5 4 -3© *©(*}§#{§■§-& 8 0 9, 8 10, 8 
11, 8 1 2Ktt*tti£ft, 7s/f8 5 3 (gl-U 

< 7^8 5 4 (JS1-2AA) , 7yf855 
(I2-1A7J) , 7yf8 5 6 «2-2AW lift 

[0 0 8 7] «Htr*7-- i?» l3 9lCtt«3^7 1 -i?9 

0 0 ill 3 ? y fB9 5 0 £©wM8t*b y tmr^Zix 

5 : ft3*-r--;;9 0 014, i»»fMWtt 9 0 1 i A L u 
(Alithraetic Logic Unit) ^fc-^tfyUgSif 9 0 2 , 9 0 
3 i 8 1 AaiBttEJg 9 0 4 . 9 0 5, 9 0 6, 

9 0 7 i ft 3. f 3^T-^9 0 0tfe5Hff 
xr~ S?©ft«tt, 2^><D$i<£<Dmn&n?Ti-Z~b-C 

[0 0 8 8] St®$i9 0 2 t ft 1 ASSESS 9 0 4 14 
*ff##S:W*-*-5fc«>©[g»"C\ ft2 7s/7^f8 5 0 
^020(07^8 5 3, 8 54A>t,Il-lA^ ft 

1 - 2 A**«flr*l»8 5 9, 8 6 O^LTig^lf 9 0 
6;i£P>tt5, j&3?y1-#9 5 Ort020lD7 
^9 5 3, 9 5 4*»b|Rim* % *2tttf7#flriHft9 
5 5, 9 5 6$rfl"L,TfflR»9 0 6tei&b;fx.5 o 

[0 0 8 9] &#?3g9 0 6 I4ff 8 5 9, 9 5 5&t>' 
9 5 6©5*>0lo£lHH|l 0 0 llCtt^ilRL-CSI 
1 Aft@!g9 0 4&<>'{f-i§-j8|9 1 2 £#LTSIgS§9 0 
2;it-*&&5 0 ig#?S£9 0 6 12(15*8 6 

0. 9 5 5&IT9 5 6©5%0io$rft*»l 0 0 lie 
i*l*j»KLT{rW|9 1 3£4M,T8t*#9 0 2 ICx- 



[0 0 9 0] fltlFfHWSB 9 0 Il4ft2 7s^»8 5 0ft 
©7 2/^8 5 i©^^$r®t)ji*, *©A**M8lc$p 
8*3*319 0 2, ^lA^SSSlsIK9 0 4S:(f-§-^9 1 1 
i 9 0 8-CIW«IU m&$(Mtft<D®.nZft0, L 
T*S*©||t (ft 1 liJ£) f4ft 3 7:^8*9 5 0ft©7^ 
7^9 5 3lCflr§J|t9 1 8 Srfl-L-CttWStt*. 

[0 0 9 1] jNH[*9 0 3 2:KlAAIIB[9»9 

0 5l4««!il|»^*j»||-f5fc»©iaB-C, I27yfg 

8 5 0ft©2o©7j/7 % 8 5 5, 8 5 6i>f»l2-lA 

M2-2A7J^ff-§-^8 6 1, 8 6 2 £r:fl-LT3l^ 
g9 0 7Cl&£>ft3, ft3 7^1*9 5 Oft© 2 

o©7^7 % 9 5 3, 9 5 4*»6»ia* 4 ft 2 ttJ^Jff 
**9 5 5, 9 5 6Sr^-LTiiS!»9 0 7ICiSfon<5. 
[0 0 9 2] aft#9 0 7f4ff#i8l8 6 1, 9 5 5RV 

9 5 6©5*>©lo£{f-§-j8|l 0 0 2lCtt^aKLT|5 

1 A7jhis 905 aoc» *m 914^ Lxm$m 9 0 

SICx-^^kISo 3K4I9 0 7tt<f*|ft8 6 

2, 9 5 5 £15 9 5 6 © 9 *>© 1 0§rff-§-i|| 1 0 0 2\Z. 
«^»RLTflHHl9 1 5*^UT«3i#9 0 3 
*£&3» fH&f&JtfPgB 9 0 1 14^2 7 3/7^8 5 Oft© 

7s/f8 5 2 ©1^£& tj *©iii>*«iBicflev^at 

IS9 0 3, ftl A*SSg[Ejg&9 0 5 frit** 9 1 Oi 
9 0 9 i -c-fcKB) U ««tA*©fc«)©8lJIS:tT5. -tL 
Ttt*©« (»2HtfJ) lt»3 7^«9 5 Oft© 7 y 
7^9 5 4ttt5-|fc9 1 9Sr^LT**iS*t5 e 
[0 0 9 3] £t±as, H^T-v^ (I3^f-i?9 0 
0) ©teSTfcii^ sladd^^-^extadd^^lCO^-'T 
MJ£SftBJLT*5<. aslladd^^-^zextadd^^-14, Alg 
SrH^T^ 581^9 0 2Sfcl4 9 0 3~.©ftl A7j£ 
r t 3. 1-£*>*>ftl A7J&&I? 

#lcflM*A*1-«©-Cfc<, ft 1 ASSESS 9 0 4 * 
£14 9 0 5 icATJ L^-tiSriKJimflW 9 0 1 fr%m U 
1 Jfy h£->7 h^0tt«©Wafc|ToT*J*, ^^S: 
mn&9 0 2*rttt9 0 3-xA^L, -tZLT-iifif©^ 

[0 0 9 4] 01 0lC(4ft4^r 

-v? 1 0 0 0 ©aiPSrlttW-f5*:»©^n y ^0i5^$ 
^L5o ft4^7 l — S?l 0 0 014, U^^#^RQItt 

1 0 1 oi7*!7- Tj^yvmm&i o 2 0 tti)S 

$tl5„ S4 ^f— ^ 1000 tfei u-^^^tt 
ii^ir^^^-xw' >^5r^5^7 l -v ? ©&SiJl4WT© 

[0 0 9 5] (1) 2 0©^©m^m^JiSStLfc 

#*©u^^ic##iatr. 

[0 0 9 6] (2) 2-oO^OiIgfiSg^nj,^ 
T©/H@^7-v? (ft©/<-f 7*7-r » Tttffl$il«>5t 
fjft2 73/^8 5 0ftlC73/7^$iXT^5fiSt?^<, 
ftS^^f^Sfg 5 oftl^7 y^-*nTV^5KSr8lJH»lJ: 
A7JT5«t 5ICWSM--5 (7^-7-x^ >^) , 

[0 0 9 7] *i\ (1) ©«HSA»fettWi"5 s ft 4 ^ 



T.-v 1 0 0 0(4, *3 5-yf-8¥9 5 0rt©5yf-9 5 
l, 9 5 2^>bISulc?H^$iifc2o(0^}4i-*rff#!cS9 
5 7, 9 5 8«r#LTU^**#-§-j5?&lH]!g 1 0 1 Olc 
E'Jiitf, £fc|?3 7 ;/^$9 5 0 f*3C07 j/^9 5 3, 
9 5 4ft»&iEiroaftg&&0tt&fg*tt9 5 5. 9 5 6 
IciSSdi-fS. LT, i"S?**#-!3-!!¥tt®l&l 0 1 014 

SWI^Uff £ft£lft£-<£> 20©D7^ —/I/ KrtOUv/^ 
*#*erfM#l 0 0 3, 1 0 0 4|Ci££tiLT3l2*T- 

[0 0 9 8] Jfclc (2) (D&m$:m.W-tZ a 
-^lOOOtt, I27?f{f8 5 0ft©7?f851, 
8 5 21i*b$W&-t<<% 2 0<D#^£fi-§-j|£8 5 7, 

8 5 8 £#L-C7;H7— >y&MEl& 1 0 2 0l:t 
fl&tfo M3 7 yfff9 5 0 ft<£>7 5 1 , 

9 5 2j&»feSl|ljrKfiJ(^;ft,fc2oro^£:{ff-S9 5 
7, 9 5 8&ftlTy*V—7 t '<>#'fflW\B}1gl 0 2 0 

i-ftfliitr,, tit, 7*v—?4 >?'unm , &i 0 2 
0i4ilSiri-llff$nfc^^-ro2oroD7^— Krtrou 

T, S27yfB8 5 0rtffl7yf 8 5 3, 8 5 4. 8 
5 5, 8 5 6I*J©(1-C4<, JS39y^-W9 5 0rtW9 
^9 5 3, 9 5 4rt©ffi (flHHft9 5 5, 9 5 6) ^ 
«gf§9 0 2, 9 0 3(CA7J$tLe ± 51^7^.7— 
>^'*JfflJ|Hl8S 1 0 2 0 ttfgJMft 1 0 0 1, 1 0 0 2 £i* 
aLT2o»ai^» 9 0 6, 9 0 7 SrM^-f -5 = 
[0 0 9 9] «^<^?iJ(D50iS» H 1 3 K (4*891(0*- 

5l-&g$ftTt^< *>i 5 /7$nxv^5„ JtgfW/c 
y^SfcU 2oO*^«iaas^It6iJioTi^5o 

[0 10 0] fcfftfl^Bov, zext, asll^COSS^^ 
❖■Ctt«EA^*Sadd4 ZWm&^X'hfUZ. 2 o<Oi& 

[0 10 1] jT^ciyt'j- *~<Oig/8|JiJ» Ell 
4 IcI4*^b^cd^— /<^^7^Srffli^-^W * C7'D 



^mcuii, «p Massac put, rfij'j^toa^- 

= f FFPUi, 8WP**«iB*#i-**)HlMU L T 

CACHE t, *t5'v'a3>l'B-7CCNTt > 9\- 
«/<^^7x-^EBIFt, 3 2hTjxH4a7K 

/^PABUSt, 3 2 f j/ hf— ^/UDBUS, D 
BSt ^¥ISa a B ->y 3y©J:^rfi*ljgl|;ifMi 

na) = 

[0 10 2] 7^^P3y^-^MCUIi, #g|5y K 
1/^EABi =f—5'^ EDB^L TDRAM^CQ 

[0 10 3] ^^a^fiCPU(4, m6\z.7ji£iiZs< 
-fT-y-O • r-fi'tx-vmf&HUZo fcfc'U £3* 

7 1 — v t ^ 4 * t 1 — v? > ©sai- * y r ^ ir * * =t— v- 

f-^^^il t^^>^ey 7 0 314, 
CACHEXI4±f£tf^eMM(C^L, fA&SSB 

c p urticans Lfcv\ «t>*«iasfilic p ut4 2 / w 

2, 9 0 3(4, 3 2 tf y hgO A L U^£^ft-f ftWf 
-5 0 l/-/X^77'fA'8 0 2tt 1 3 2 fj/ hftCO 

lCPUIi#M?5 - 1 9 7 5 4 6 5-&«fctBtt$*lo 

2/<-T h • 2t^7^W^I h) 
£Hfr-f5o #^^5- 1 9 7 5 4 6*4i«li|2<U$il 

5CPU(4^.-^<^*77J^:t-^V\ "iXi-Jt-^T^^ 

jaasacputt^— ^*7*s;t?fco. «f*&ig 

SCPUI4tiJii#^-l 99 2/89745 7^i2tfe$ 
n5ifc*(*:3Ri:lRl— OA<&*5RSr|S(fe*5. ?/toT, 

[0104] W±*3BW#tcJ:oT4$lxfc3g.M&llffi 

$ft5 t©-CI44<, *ORtS:ifcJttL4v^tfiHlw*5^ 
-Cfl^^SBjtg-cfcS w 1 14^ 5 *T"b^v\ 
E!6WTO!!J£0J-Cii, h • 2^7^K^^-fis: 

JROStefcoi^-ClfcWLfcas. 4/W h • 3^7>K 

if fflT*# 5, 



•"[.0 10 5] 

[0 1 0 6 ] KttA^MO^-^n-fcftajL, ffr# 

[01] ? yV<Ds<J y-yj y{t£ixtcn 

[0 2 ] s<4 7' y -4 >4aao«fcftS:S%f . 

[0 3] ^— ^*74aawfta:Sr5«-f- 8 

[04] 4^V h^frSO^^iCt^U'^— MJ 

[15] 2^ h^^*S©^iS;i:^^Uv<- h !) 
[0 7] *l^-5?iJ(ri5yfSioB^D^ 

0„ 

IBS] *2*^-f?fcJ|525y*-«i:©|*tt^n y * 

0. 

[09] *3*y-: ^fc*3 5y^-WiO»iM^B 
0, 

[010] ®4^x— >'(Dt!i^^!ftP^i-^7'n S /^0 o 
[011] ifo^xa— K^x— v?<0 2 0£)ifr<££7!t3|.* 

[0 1 2 ] x3 - KMWWO-SBroflMBT'n s/^BISrfl% 

[013] ^^?iJ^<i^J(75^ □ ^^T-ir'roJ; o lc*5g$ 

[014] *^Pjro^-/<^*7*-iCSrffi^7t-v-<^D 

[015] l^y^?77'f;U5)7'Dy^E] a 

ioi ni*7—. 103 S&2;*x-^ i 



0 5 ^3*^_ 10 7 fU^f 1 — v, 10 

8, 10 9, 110 {g-g-flt. 40 1 OP7-f- 

/H-\ 4 0 2 D7j—/l>h\ 4 0 3 Sl7-(- 

/H-\ 4 0 4 S27-{- 50 1 OP7^ 

— ^ K, 5 0 2 D7-f-yVK, 5 0 3 Sl7-f 

-VUK, 7 0 0 Il^f-v?, 8 0 0 12^7 

-v 7 , 9 0 0 1 0 0 0 S4^7 

->\ 70 1 7'u?7£,$'7ytr > 7 0 2 7i 

y*-IWflPSB. 7 0 3 7 0 4, 7 0 5. 

"0 6, 7 0 7 m^M. 7 5 1, 7 5 2 y y 

7\ 80 1 8 0 2 

T^/k 803, 804, 805, 806, 807, 8 

08, 809, 810, 811, 812, 8 1 3 ft 

851, 852, 853, 854, 855, 85 

6 5yf, 8 5 7, 8 5 8, 8 5 9, 8 6 0, 8 6 

1. 8 6 2 ff 9 0 1 jRgffilff & 902 

9 0 3 SHUf. 9 0 4 % 1 

mm®, 9 o 5 m 1 aahsiiib, 9 0 6 

S» 90 7 ii^lg, 908, 909, 910, 91 

1, 912, 913, 914, 915, 916, 91 
7, 9 18, 919 ffi*Jft, 9 5 1, 9 5 2, 9 5 

3, 9 5 4 7ff, 9 5 5, 9 5 6, 9 5 7, 9 5 

8 1001, 1002, 1003, 100 

4 <g*flfc, 10 10 U4?^^#*WWEIK. 1 

0 2 0 7*!7— ■^f^fflflWaig, INCC ifr 

♦asanas dfdc 7—97u— ^miuK, mc 

u ^-r^orz^tro.— ^, cpu fAaatt 

FPU »J«Jaia=s/h, MULT- 

MMU ^^yffa-j/h, CACHE 

tirSRW?— ?<D*T y\s=L**]) y CCNT - 

••4ty>a3y|>o-7 > EBIF 

>?7*—X, LABUS 3 2 if y h^ST W 

PABUS 32fj/l«ftl7KV'^f- 

DBUS, DBS 3 2lfy F7-?^, 

EAB fl-gBT Kl'*^*, ED B fl-Wr—?'* 

mm iistg^fg, rcc ue/^^(H»@ 

8, RGSTR Ui?^^ 0 



[01] 



121 

#l?y*-S*lC2 B2?7f-»104 S3?V^»106 
101 ( I 1QS 



»1 



32 



©3 



s 



[02] 



[03] 



02 



owl IF 
add 



ID 



IF 



EX 1 Vr> 



TF 1 ID 



J3L 



(a) r-?ttfc*Sl 



mo? R3JUT 

n»ov nutsi 

add R4JU 
ud R3A5 



B3 





ID 


EX 






-EX 






IF 




. ex 


WE 


EX 





m 

mov 1 rf. 
add 

ud 



JF_ 



£2L 



Wl 



1 m rev 



W3 



(b) f^ttiWy 



mov 


RJJ12 


IF 


ID 












add 


H<Jt2 






L EX 








HOT 










ra 








tnd 


X3J15 




TP 








VrTJ f 



L op 
401 



[04] 

H4 



1 

402 



403 



404 



R«JU Impff jRn km fr- 1 

add RaJUJlfl (Stf fcii km fri | 



OttSiaat aaadiRuJllJlii fiaad^Rn [Rm [RJ 
fHt&ZUxW cxtadd Rm.WJli l«a<ld|Rn jRm | RJ 



] kf y V3E kslladd Rin^tjiit t»liidd|R fl Ir^TST 
'✓7 httl* 1 ' 1 eL - 



5 

501 



mov X3J12 
(nop) 

add JUJU 
mov #32JU 
and R3X5 



[05] 



502 



i si 1 



> 

503 



ID 



-EX. 



ID 



JUL 



ID 



-E2L 



tt^-fr mov Rnt.Rji j | Kn {Rm | 

tsnfr<> »dd fon.R/i [add ) Ki |Rm | 



1 ? f.£ ul] RA,Rn I at" I Rn [*«• 
i>7 



[06] 



[07] 



H6 

£19 7*9750 £2 7 7*8850 »3 9 7f-©950 



700 



£1 

XT 
— is 



i 



12 7 

l 702 706 



800 



£2 

XT 



900 



*3 

XT 
-V 



A 



m 



7or 



^ ^ FC j 



1000 



7 



704 



705 



/ 703 



■I £2frfr H v^7S? 



707 



803 



Mi a 7* -5/700 



nifv *f*750 



751 




752 J *2d^ 



803 



754 



805 - —^^^C08 



802 



1003 



77^ 



809 



~^1^ J fgMAfl k \/ 853 
m2-2Xf3 856 



1004 



812 



955 956 



? f-§¥B50 




[01 0] 



12 Xf— -V800 



g 2?y7-#8S0 r - y 900 fS3yy f-»950 



,957 




4 * r- -VJOOO 



[111] 











fcl#* 












(1) 


mov Rm.Rn 


ALU Rl.Rx 


n=x 


+4 


nop 


ALU Rm.IU.Rn 


(2) 


mov Rm.Rn 


ALU RI.Ra 


n=l 


+4 


mov Rm.Ra 


ALU Rx.Rm.Rx 


0) 


mov Rzs.Hn 


aallRx,Rx 


n=x 


+4 


nop 


aall Rm.Rn 


(4) 


mov Rm.Rn 






+2 


mov Rm t Rn 


nop 


(5) 


text Rzn.Rn 


ALURl.Ru 


n=x 


+4 


nop 


zextALU RmJU.Ro 


(6) 


zext Rm.Rn. 


add Rl.Rz 


n=l 


+4 


zeztRra^Rn 


fcextadd Rx,Rra,Rx 


(7) 


zoxt Rm,Rn 






+2 


zfixt Rm,Rn 


nop 


(8) 


anil Rn T Rn 


ALU RlRx 


n=x 


+4 


nop 


aallALU RnJU.Rn 


(9) 


anil Rn.Rn 


add R],Rs 


»=] 


+4 


hsII Rn,Rn 


sslladd Rn,Rx,Rx 


(10) 


anil Rm,Rn 






+2 


afill Rm,Rn 


nop 


(ID 


ALU Rm.Rn 


ALU RJ.Rx 


n*l 


+4 


ALU Rm.Rn 


ALU Rl.Rx 



[Ell 2] 



[013] 



01 2 



803, a 



851 




[015] 
31 5 



mi 3 

1 xnov 
adlRCRf 



2 react RlvRo 
odd Rcjla 



3 mov Ra,Rb 
add Rc£b 



4 mov Rbjtd 
add Rdjte 



6 add Rc,Rd 



nop 



nop 



nop 



zsntadd RbJk,Ra sect Rb3a 



nop 

add BaBcRb 



mov Bbjld 
odd Rb,Ro,Ra 



add Rc&d 



add Rc3o 
nop 



movRa,Rb 
nop 



add RcRb 
nop 



mov Rbjte 
nop 



addRdJEta 
nop 



addRcJRd 




[014] 

mi 4 



LAB US DBUS 




MCU 



EAB EDB 



